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introduction
Phum Snay is a village located along National Route 6 in Preah
Neat Prey District, Banteay Meanchey Province, Northwest Cambodia (Fig. 1).
During 2000 roadwork was undertaken to link the village with National Route
6, construction of which revealed the presence of a number of prehistoric inhu-
mation burials and associated artifacts. These discoveries led to the wholesale
looting of the site by local villagers, and little archaeological evidence remains.
Scientiﬁc excavations began at Phum Snay in 2001 and continued until 2003, led
by Dr. Dougald O’Reilly, Mr. Pheng Sitha, and Mr. Thuy Chanthourn. The
Banteay Meanchey Archaeological Project (BMAP) included sta¤ and students
from the Royal University of Fine Arts, Phnom Penh, the University of Otago,
New Zealand, and James Cook University, Australia. The project sought to pro-
vide a data set that would shed light on the sociopolitical organization of a settle-
ment in Northwest Cambodia during the Iron Age (c. 500 b.c.–a.d. 500) and
provide evidence that could be compared to sites in Northeast Thailand in the
lead up to the establishment of the state of Angkor, an important polity over parts
of Southeast Asia from a.d. 800–1400 (Higham 2002). Considerable research has
been undertaken on Iron Age sites in Thailand, many of which are surrounded by
ramparts and ditches and have signiﬁcant mortuary populations that tend to sug-
gest a hierarchical organization of the society during the Iron Age.
Archaeological reports of the 2001 and 2003 excavations have been published
elsewhere (O’Reilly and Pheng 2001; O’Reilly et al. 2004, 2006, 2008). The
2001 excavation rendered dates of 348–307 b.c. at 2 s and the 2003 excavation
results indicated dates of a.d. 75–209 at 2 s (O’Reilly et al., 2006). These dates
(c. 350 b.c.–a.d. 200) coincide with the late Iron Age or pre-Angkorian period.
Based upon the nature of the artifacts and placement of the graves, it is safe to
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conclude that the two main excavated areas, despite being separated by c. 350 m,
share some similarities with regard to the material culture.
Twenty-three burials were scattered across the two excavations (Fig. 2a and b)
with no particular pattern of clustering. The orientation of the burials was usually
in a east-west direction (Fig. 2) (O’Reilly et al. 2006). Mortuary ritual associated
with the interments included ceramics including some black wares (‘‘Phimai
black’’) and grave beds lined with rice, both bearing a striking similarity to mortu-
ary ritual in northeast Thailand at the same time period (O’Reilly et al. 2006). In
contrast to the mortuary assemblages in Thailand, Phum Snay’s graves contained
more weapons. Some of these, such as the caches of three types of iron projectile
points, may have been for hunting or warfare, others, such as the long (>1 m)
iron swords, were more obviously of a military nature (O’Reilly et al. 2006) and
Fig. 1. Map of Southeast Asia indicating the sites mentioned in the text.
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Fig. 2. Burial layout in the 2001 (A) and 2003 (B) excavations at Phum Snay (O’Reilly et al. 2006).
were only found interred with males. The proximity of Phum Snay to the later
Angkorian capital near Siem Reap may be of signiﬁcance. Were the people of
Phum Snay vulnerable to the changes associated with the development of the
state? Alternatively, was the development of state rule a response to increasing
unrest such as that between Phum Snay and other unknown groups?
If status can be inferred from grave goods then a number of individuals from
Phum Snay stand out. An adult female burial (PS 9-’03) (Fig. 3) was noteworthy
Fig. 3. Burial 9-’03. An adult female buried with an abundance of carnelian beads at her waist and
wrist (black arrow), a small bronze bowl (white arrow) at the skull and a number of large pots
including one of Phimai black style (white arrowhead).
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in the presence of over 40 carnelian beads, particularly at the waist; this woman
also had a unique bronze bowl at the side of her head and was the only burial to
contain a Phimai black ceramic bowl (only sherds were found elsewhere) and a
gold bead. Another adult female (PS 7-’03) stood out because she was the only
female to be found with a cache of iron projectile points; others were conﬁned
to male burials. A number of artifacts were sex-speciﬁc, such as spindle whorls
and iron neck torques with females, and bronze bells, bone bangles, long iron
swords with males (Fig. 4). While the sample size is small this type of division in
grave goods adds to the evidence that this may have been a hierarchical society
with gender divisions.
The major objective for this present study is to gain insights into community
health and disease experienced by the prehistoric people of pre-Angkorian Phum
Snay, particularly in comparison with their neighbors in Northeast Thailand. The
sample size for Phum Snay is small but it was felt important to disseminate this in-
formation as the signiﬁcance of prehistoric Phum Snay is considerable given that
this site is one of the ﬁrst Iron Age cemeteries to be excavated in this area and is
propinquent in time and place to the state of Angkor (O’Reilly and Pheng 2001).
The pre-Angkorian period was an important period of transition that saw ad-
vances in technological sophistication and increases in social complexity. These
types of changes can dramatically inﬂuence a community’s health status as
bioarcheaological studies from within Southeast Asia (Domett and Tayles 2006a,
b; Douglas 2006; Oxenham et al. 2005; Pietrusewsky and Douglas 2002b; Tayles
Fig. 4. Burial 5-’03 from Phum Snay. A young adult male skeleton (with some postdepositional dis-
turbance) buried with a long iron sword (left-hand side of picture) and caches of iron projectile
points (white arrows).
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1999; Tayles and Buckley 2004; Tayles et al., 2000) and around the world have
shown (Larsen 1997).
In order for societies to develop, particularly into such large state-like societies
as evident during the Angkorian civilization, it could be hypothesized that the
population must have maintained a certain level of good health, although this
may be variable throughout the community as social structure becomes more
complex. For instance, the development and intensiﬁcation of agriculture,
knowledge of metal working and tools to make subsistence activities more e‰-
cient, are all related to the cultural development of a community, and can im-
prove the general quality of life (Domett 2001). This may be seen in the skeletal
record as a decrease in osteoarthritic disease or accidental injury, for example. As
food sources become more reliable, an improvement may be seen in the ability of
people to overcome infectious disease that would otherwise be exacerbated by
poor diet (Larsen 1997; Scrimshaw 1981). In the skeletal record there would be
less evidence for malnutrition or less speciﬁc nutritional deﬁciencies as well as
fewer infectious diseases and an older average age at death.
However, increasing social complexity can lead to the establishment of hierar-
chical groups within a community, which can create a situation of restricted ac-
cess to resources among some subgroups. For example, a subset of the community
may show a decline in health related to a poorer quality (or poorer quantity) diet
and more evidence of physical injury or osteoarthritis as they are expected to
work harder for the community. It is also possible that a reliance on a single
source of carbohydrate with the development of agriculture, such as rice in
Southeast Asia, can actually decrease the nutritional quality of the diet leading to
dietary deﬁciencies and a lowered immune response to disease. In addition, this
period of time saw increasing trade and inﬂuence from foreign cultures such as
India and China (Higham 2002). This may be reﬂected in the skeletal record
with the introduction of new diseases or an increase in injury with a violent
aetiology as community interactions and competition for resources increased with
enlarging population sizes.
The information gained from the human skeletal remains from Phum Snay will
be placed in their regional context by focusing comparisons with appropriate
skeletal samples from Southeast Asia. There is little published data available on
skeletal remains from sites contemporaneous and located near to Phum Snay. Re-
cent excavations at Phum Krosaing Thmei (48 b.c.–a.d. 226) (Sok pers. comm.,
cited in O’Reilly et al. 2006), only 1 km from Phum Snay, uncovered eight ske-
letons (Domett 2005). The site of Prei Khmeng (a.d. 100), a temple site near the
Western Baray near the Angkor temple complex some 80 km from Phum Snay,
exposed seven burials (Chhem et al. 2004). Excavations in the south of Cambodia
at the Vat Komnou cemetery at Angkor Borei (200 b.c.–a.d. 400) uncovered 61
skeletons (Pietrusewsky et al. 2006). These sites are all broadly contemporaneous
with Phum Snay, however the ﬁrst two are of little use at this stage as the preser-
vation of the skeletal remains was extremely poor and the sample sizes small.
There are also some collections of unprovenanced skeletal material in northwest
Cambodia that have arisen through looting of prehistoric cemeteries. There is a
large collection of stratigraphically unprovenanced material (MNI c. 94) from
around the village of Phum Snay (which will be reported on at a later date) and a
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smaller collection (MNI ¼ 18) from Koh Krabas also in the northwest (Wallwork
2006).
The northeastern prehistoric Thai skeletal samples make a good basis for com-
parison with Phum Snay as they are located near to and also just predate the
northeastern extension of the Angkorian civilization at Phimai (Fig. 1). The skel-
etal samples from Ban Lum Khao (Domett 2001), Noen U-Loke (Tayles et al.
2007), Ban Na Di (Domett 2001), Ban Chiang (Pietrusewsky and Douglas 2002a,
b), and Non Nok Tha (Douglas 1996, 2006) (Fig. 1) will be used (Table 1). The
last two sites have quite long time spans which make their summary data not in-
dicative of a particular period in prehistory but more of a general indicator of
health in these populations.
the skeletal data from phum snay
This report details the collection of human remains identiﬁed during the archaeo-
logical excavations of 2001 and 2003. There were 23 burials identiﬁed over the
course of the two excavations, however one burial contained no bone (Burial
8-’03), being identiﬁed only by grave goods, and a further adult burial was not
removed from the ground as only a small part of this adult skeleton (the distal
femora and proximal tibiae and ﬁbulae) was within the boundaries of the excava-
Table 1. Dates and sample sizes of the sites referred to in this study
site dates period region sample size
main
reference
Phum Snay 350 b.c.–
a.d. 200
Late Iron
Age or
Pre-
Angkor
Northwest
Cambodia
23 individuals This study
Vat Komnou
(Angkor
Borei)
200 b.c.–
a.d. 400
Late Iron
Age
Southern
Cambodia
61 individuals (Pietrusewsky
et al. 2006)
Ban Lum
Khao
1000–
500 b.c.
Bronze Age Mun River
valley NE
Thailand
110 individuals (Domett 2001,
2004)
Noen U-
Loke
300–200
b.c.–a.d.
300–400
Iron Age Mun River
valley NE
Thailand
120 individuals (Tayles et al.
2007)
Ban Na Di 600–400 b.c. Late Bronze
to early
Iron Age
Middle Chi
River
valley, NE
Thailand
78 individuals (Domett 2001)
Ban Chiang c. 2100 b.c.–
a.d. 200
Neolithic to
Iron Age
Northern
NE
Thailand
140 individuals (Pietrusewsky
and Douglas
2002a)
Non Nok
Tha
3000–2500
b.c.–a.d.
200
Neolithic to
early Iron
Age
Upper Chi
River
valley, NE
Thailand
180 individuals (Douglas
1996, 2006)
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tion (Burial 10-’03). This latter burial is included in the census of the site but in
no further analyses.
The skeletons varied greatly in their preservation and completeness. Four ske-
letons were very incomplete and these burials had likely been disturbed in the
past. A further three burials were represented by only a few fragments or pieces
of bone with very poor preservation but those bones present were in articulation.
A total of six burials were partly articulated and partly disturbed but were mostly
near complete in terms of bone preservation. A further four of the burials were
also mostly near complete but had very poor bone preservation. One burial was
articulated but only the lower half of the body could be recovered as the upper
half was outside of the excavation square. There were only three burials that
could be considered complete and fully articulated. In summary, from the total of
21 excavated burials only nine (43%) were near complete with reasonable bone
preservation.
The material discussed in this report is currently stored at the Royal University
of Fine Arts in Phnom Penh.
demography
The age and sex distribution of the 22 burials is presented in Table 2. Estimation
of the age at death of subadults (0–14.9 years) was based on the eruption of the
dentition following Ubelaker (1989) in the ﬁrst instance, followed by the com-
parison of diaphyseal long bone lengths with prehistoric Thai subadults if no
dentition was preserved. Only two subadults (9.1%) were identiﬁed during exca-
vations, one a complete young child of approximately two years of age (Burial
5-’01) and the very fragmented and poorly preserved remains of a possible older
adolescent (Burial 12-’03).
A multifactorial approach was taken in the estimation of the age at death of
adults, although the variable condition of the skeletal material has inﬂuenced the
degree of accuracy obtainable. Standard measures used included observations of
late fusing epiphyses, pubic symphysis morphology, and dental wear (Buikstra and
Ubelaker 1994). Adults were classiﬁed in relative age groups of young, middle-
aged, and old; the preservation did not generally allow any more precise estimates.
The estimation of sex for adults was based on standard morphological observa-
tions of the pelvis and cranium (Buikstra and Ubelaker 1994) and, in one case
only (Burial 14-’03), by section point analysis of metric observations (based on
Phum Snay individuals sexed from pelves and crania).
Adults comprised 90.9 percent of the sample (Table 2). Only young to middle-
aged adults were identiﬁed although 40 percent (eight individuals) of adults did
not have su‰cient evidence for age at death to be estimated. Of those adults
with age estimates there were slightly more middle-aged adults (7/12, 58%) than
young adults (5/12, 42%). Overall, a far larger proportion of the total adult sample
was female (10/20, 50%) compared with male (5/20, 25%), however 25 percent
(5/20) of the adult skeletal material did not permit sex estimates.
The demographic distribution indicates that this sample is probably not a good
representation of the living community from which the burials came, for two rea-
sons. Firstly, there were only two subadults identiﬁed, comprising 9.1 percent of
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the total sample. It would normally be expected that at least 30 percent of the
sample would be subadult in a prehistoric sample (Waldron 1994) and a high pro-
portion of the subadult group would be infants, those less than one year of age.
In comparative samples from a similar time period at Angkor Borei, 33 percent
(20/61) were subadults (Pietrusewsky et al. 2006) and in Northeast Thailand sub-
adults comprised 44 percent (53/120) at Noen U-Loke (Domett and Tayles
2006a), 15.7 percent (13/83) in the late Non Nok Tha group (Douglas 1996),
and 36 percent (5/14) in the late period at Ban Chiang (Pietrusewsky and Douglas
2002a).
It is di‰cult to make any convincing conclusions from these comparative de-
mographic results as the Phum Snay excavated sample is so small, other than that
the comparisons support the reality that the Phum Snay skeletal population is
probably not representative of the living community that it came from. Subadults
may have predominantly been buried elsewhere within the site or infants may
have been cremated. There is little evidence of these explanations in other parts
of Southeast Asia where infants, although sometimes buried in large jars, are pre-
dominantly treated in a similar manner and in the same location, as adults. Recent
analysis of the distribution of infants at the Khok Phanom Di Neolithic cemetery
in coastal southwest Thailand revealed that preterm infants may have in fact been
buried elsewhere but all other ages are distributed amongst the adults as with
many other sites (Halcrow et al. 2008). A brief mention is also made of di¤eren-
tial burial treatment of some infant skeletons at the Non Nok Tha cemetery but
there is no further elaboration (Douglas 1996). It is also possible given the more
fragile nature of infant and child bones that they have simply not been preserved.
Secondly, the male to female ratio is skewed 1 : 2, where it would normally be
expected to be closer to 1 : 1 (Waldron 1994). This outcome is most likely a re-
ﬂection of the small sample size and the lack of age at death and sex estimates for
a number of adults, rather than any bias in burial rituals. However, in order to
gain a 1 : 1 ratio, the entire sample of unsexed adults would have to be male. No
other site from prehistoric Thailand has shown such a disparity between the sexes
(Domett 2001; Domett and Tayles 2006a; Douglas1996; Pietrusewsky and Dou-
glas 2002a). The sex ratio from Angkor Borei was the reverse of Phum Snay with
males outnumbering females 2 : 1, but no suggestion as to why this is the case at
Table 2. Age and sex distribution of the excavated skeletons from Phum Snay
age male female unknown sex total
0–5 y 1 1
5–10 y
10–15 y 1 1
Subadults total 2 2 (9.1%)
Young adult 2 3 5
Middle-aged adult 3 4 7
Old adults
Unknown adult age 3 5 8
Adults total 5 (25%) 10 (50%) 5 (25%) 20 (90.9%)
TOTAL 5 (23%) 10 (45%) 7 (32%) 22
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Angkor Borei is provided (Pietrusewsky et al. 2006). Further discussion of this
disparity at Phum Snay is made in the conclusions.
long bone length, stature, and growth disturbances
Long bone lengths were measured, when possible, in situ before being removed
from the ground. If the bone was excavated intact or could be easily recon-
structed it was measured again after lifting using an osteometric board and this
was taken as the more accurate measurement. Stature was estimated using regres-
sion equations developed on Thai and Chinese cadavers using the bone available
with the least standard error (Sangvichien et al. 1985, n.d.). These equations were
chosen as they make comparisons with other Southeast Asian samples straight-
forward and the equations generally produce the smallest variation in stature esti-
mates for di¤erent long bone lengths. This would indicate that the prehistoric
Cambodian people have similar limb proportions to the sample on which the
modern Thai/Chinese equations were based, although not necessarily exactly the
same.
Ten of the 20 excavated adult burials had one or more long bones measured
and the average results along with stature estimates are provided in Table 3.
Phum Snay males (n ¼ 4) had an average stature of 167.7 cm, within the upper
range of averages for the comparative samples (164.7–169.3 cm) (Table 4). No
statistical di¤erences were calculated between the male means from these samples
(ANOVA F ¼ 1.87, p-value ¼ 0.0927) although this should be considered with
the caveat that sample sizes are very small from Phum Snay. The tallest male at
Phum Snay was Burial 6-’03 at 176.9 cm, over 5 cm taller than the next tallest
male at Phum Snay and over 16 cm than the other two males. Burial 6-’03 was
an interesting burial with a long iron sword and large bovid bones at his head and
feet as well as the grave having a possible resin and rice lining not seen in any
other burial (O’Reilly et al. 2006). However, this was not the only burial to have
such grave goods: Burial 5-’03, the shortest male (160.6 cm) (Fig. 4), and Burial
6-’01, the second shortest male (161.6 cm) were also buried with long iron
swords and other weaponry for ﬁghting or hunting.
Table 3. Average long bone measurements (right and left sides combined in cm)
and stature estimates (cm) of the excavated adults from Phum Snay
females males
n mean min max s.d. n mean min max s.d.
Clavicle 5 13.6 11.9 15.2 1.3 5 14.0 11.7 15.9 1.8
Humerus 4 31.9 30.0 33.9 2.0 7 30.8 27.7 33.6 2.6
Radius 2 23.5 22.9 24.1 0.8 4 25.0 23.7 27.6 1.8
Ulna 4 26.0 25.7 26.4 0.4
Femur 3 45.9 44.7 48.2 2.0 5 44.6 42.0 48.1 3.2
Tibia 4 37.1 34.5 41.2 3.1 6 37.8 35.7 41.5 2.8
Fibula 3 35.6 35.1 35.8 0.4
Stature 6 161.1 153.7 173.7 8.0 4 167.7 160.6 176.9 7.9
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The six females with estimates averaged 161.1 cm in stature, ranging from
153.7 cm to 173.7 cm, a wide range of 20.0 cm. A statistically signiﬁcant result
was calculated amongst the female comparative sample means (Table 4)
(ANOVA F ¼ 3.52, p-value ¼ 0.0033). When individual Student t-tests were
calculated between Phum Snay and each comparative sample, Phum Snay females
were not statistically di¤erent than any of these other samples. However, one
middle-aged female from Phum Snay (Burial 7-’03) was particularly tall at 173.7
cm, considerably taller than any female so far identiﬁed from prehistoric mainland
Southeast Asia. (Note: There is little biological doubt that Burial 7-’03 is a female
as sex estimation was based on reliable pelvic morphology). The previous tallest
woman was recorded from Ban Kao in central Thailand at 166.7 cm (Tayles
1999). Even if Burial 7-’03 is statistically considered an outlier, the remaining
female average is 158.5 cm, still the highest of the average range (153.4–
156.6 cm) amongst the comparative samples (Domett 2001, 2004; Domett and
Tayles 2006a; Douglas 1996; Pietrusewsky and Douglas 2002a; Pietrusewsky et
al. 2006; Tayles et al. 2007) (Table 4).
Archaeologically the grave of this very tall woman was quite interesting: on
one hand she was the only woman to be buried with a cache of iron projectile
points (others were found only with males) but her grave goods did include spin-
dle whorls that were only found with females. The burial of this woman also had
some unique grave goods including bronze ﬁnger rings with bu¤alo horns, a
motif that is reﬂected in pottery ‘‘epaulettes’’ with iron or bronze bull horns
attached, artifacts found with the stratigraphically unprovenanced skeletal remains
and in an adult female burial (PS 13-’03) (O’Reilly et al. 2008). This woman was
Table 4. Comparison of Phum Snay stature (cm) and Linear Enamel Hypoplasia
(LEH) with other prehistoric Southeast Asian populations
n mean range s.d.
leh
(adults)
Female
Non Nok Tha1 32 153.4 146–162 4.0 4.2
Ban Chiang2 24 154.4 149.2–161.0 3.0 6.5
Noen U-Loke3 4 154.6 151.5–161.6 4.7 15.1
Ban Lum Khao4 25 154.7 147.9–162.2 3.8 12.4
Ban Na Di5 13 155.9 150.0–164.4 4.0 12.6
Vat Komnou6 6 156.6 151.1–159.8 3.2 4.9
Phum Snay 6 161.1 153.7–173.7 8.0 0
Males
Ban Lum Khao4 18 164.7 152.4–174.9 6.2 11.2
Non Nok Tha1 32 165.4 158–173 3.5 5.3
Ban Chiang2 29 165.7 160.3–173.7 3.6 7.6
Vat Komnou6 6 167.0 160.5–174.2 5.9 12.9
Phum Snay 4 167.7 160.6–176.9 7.9 7.0
Ban Na Di5 17 168.0 159.5–176.0 4.9 15.7
Noen U-Loke3 9 169.3 165.3–173.3 3.1 6.6
1. Douglas (1996); 2. Pietrusewsky and Douglas (2002a); 3. Domett and Tayles (2006a), Tayles et al.
(2007); 4. Domett (2004); 5. Domett (2001); 6. Pietrusewsky et al. (2006). Note: this latter study
used Sjøvold (1990) regression equations.
 Canines and incisors only.
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also only one of two individuals to be buried with a large iron torque around
their neck (the other was a female, Burial 13-’03) and a glass earring (the other
was a male, Burial 6-’01).
It is possible that this woman was an immigrant to the community, and isotope
studies, particularly strontium analysis, are under way. This type of study was
recently carried out on the Ban Chiang skeletal material and indicated the pres-
ence of some ‘‘non-local’’ isotope signatures, mostly men but also one woman
distinguished by a di¤erent burial type (Bentley et al. 2005). The question of
whether this non-local isotope signature indicates immigrants or locals consuming
non-local food is still unanswered (Bentley et al. 2005). Strontium isotope studies
from Khok Phanom Di indicate a relationship between tall stature and high
strontium ratios, higher compared to other females in the early phases of the site
suggesting that these women were immigrants (Bentley et al. 2007). Planned
strontium studies on the Phum Snay skeletal remains should yield more informa-
tion about the movement of people as well as marital residence during this im-
portant time period.
It is interesting to note that the average stature for men and women at Phum
Snay is most similar to the other Cambodian sample of Vat Komnou (Pietru-
sewsky et al. 2006) (Table 4). However, this study used the Sjøvold (1990) regres-
sion equations to estimate stature, which when applied to the Phum Snay data,
create radically di¤erent results including estimating the stature of Burial 7-’03 at
182.9 cm that seem somewhat unrealistic. The individual long bone length data
has not been published from Vat Komnou so recalculation of the statures based
on the Thai-Chinese formula has not been possible.
Linear enamel hypoplasia (LEH), as evidenced by a horizontal groove across
the enamel of a tooth, indicates a period of growth disruption during the forma-
tion of the tooth (i.e., during infancy and early childhood). LEH was observed
in only 7 percent (7/100) of male teeth (3/5 individuals) and 0 percent (0/68) in
female teeth (0/5 individuals) from Phum Snay (Table 4). In comparison with
Southeast Asian samples, the absence of LEH in females is problematic with other
samples ranging from 4.2 percent at Non Nok Tha to 15.1 percent at Noen U-
Loke (Table 4), but is probably a reﬂection of the small sample size. The percent-
age of male teeth with LEH at Phum Snay is on par with that from Noen U-Loke
and Ban Chiang with other sites having much higher values (>10%). There does
not seem to be any consistent pattern of males more commonly a¤ected than
females amongst the samples.
There appears to be no correlation between stature and LEH at Phum Snay
in the limited sample of four males with both a stature estimate and dentition.
Burial 6-’03, a middle-aged adult, was one male with evidence of LEH but was
also the tallest of the four males measured indicating that whatever had caused his
growth disruption as a boy had not a¤ected his ﬁnal attained stature—it would
appear he was able to compensate for the growth disruption with a period of
catch-up growth that can occur if nutrition was adequate post-disruption (Huss-
Ashmore et al. 1982). Another male (Burial 5-’03) with evidence of LEH was the
shortest male recorded perhaps indicating that his growth disruption was more
severe or prolonged enough to result in a reduction in ﬁnal stature or that no
suitable period of catch-up growth could occur due to an insu‰cient diet (Huss-
Ashmore et al. 1982). This adult male died as a young adult, which could further
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augment the case that this man was somewhat frail and succumbed to disease;
alternatively, he may have died as the result of an accident. The other short male
(Burial 6-’01) had no evidence of LEH but also died as a young adult. The third
male (Burial 1-’01) with LEH could not be assessed for stature and was thought to
have survived through to at least middle age. The remaining male with no evi-
dence of LEH was the second tallest (Burial 2-’03) and died in middle age. It is
di‰cult to draw conclusions from this evidence but it is possible that inequalities
in access to resources or care when sick existed between individuals or, alter-
natively, the small sample is not genetically homogenous and males had di¤erent
genetic potentials for stature.
health
Dental Health
Only a very small dental sample was recovered from this material: a total of 195
complete, erupted teeth and 279 tooth positions among six females, ﬁve males,
and one adolescent. This equates to an average of 23.3 tooth positions identiﬁed
per individual from a possible 32. Table 5 presents the evidence for the adult sam-
ple for advanced attrition (exposure of the pulp cavity), caries, periapical cavities
(abscesses), and antemortem tooth loss (AMTL).
Very low rates of advanced attrition were recorded in the female sample (3.8%
for females, 9.3% for males) in comparison with other Southeast Asian prehistoric
samples (Table 6). The prevalence of advanced tooth wear in the comparative
skeletal samples ranged from 4.6 percent in Non Nok Tha females to 22.2 per-
cent in Noen U-Loke females. Phum Snay females were statistically lower com-
pared to Noen U-Loke (FET p-value ¼ 0.0001) and Ban Na Di (FET p-value¼
0.0026), the two sites with the highest levels of advanced wear. Within the male
samples, which ranged from 8.1 percent at Non Nok Tha to 22.2 percent at Ban
Chiang, Phum Snay was again statistically lower than the two samples with the
highest levels: Ban Lum Khao (Chi2 statistic ¼ 5.58, p-value ¼ 0.0181) and Ban
Chiang (Chi2 statistic ¼ 9.41, p-value ¼ 0.0022).
In comparison, caries rates in Phum Snay females were on the higher side
(10.8%) of the comparative samples range (1.2% to 8.5%), but were only statisti-
cally higher than Non Nok Tha females (3.1%, Chi2 statistic ¼ 11.24, p-value ¼
0.0008). This is particularly interesting as, with the caveat of a small sample size, it
Table 5. Dental pathology in Phum Snay adults
male female total
a/n % a/n % a/n %
m vs. f
fet p-value
Advanced attrition 10/108 9.3 3/79 3.8 13/187 7.0 0.2436
Caries 8/105 7.6 9/83 10.8 17/188 9.0 0.6098
Periapical cavities 3/130 2.3 0/51 0 3/181 1.7 0.5600
Pathological AMTL 1/145 0.7 1/122 0.8 2/267 0.7 1.0000
Ablated AMTL 24/145 16.6 15/122 12.2 39/267 14.6 0.3859
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goes against the recent hypothesis that caries rates decreased through time in pre-
historic Thailand with the intensiﬁcation of rice agriculture (Tayles et al. 2000).
The other late Iron Age sites, Noen U-Loke and Vat Komnou, do have quite
low caries rates consistent with this pattern. When the larger, stratigraphically
unprovenanced material from Phum Snay is analyzed it will be interesting to see
if this high rate of caries persists.
Phum Snay female caries rates were higher than those in males (7.6%) but not
to a statistical level (FET p-value ¼ 0.6098). However Phum Snay males had a
much higher rate of attrition than females (although not to a statistical level, FET
p-value ¼ 0.2436) that may have removed the sites for, or evidence of, caries in
some teeth. Females showed a higher caries prevalence than males in all sites
except Ban Chiang (three to a statistical level: Ban Lum Khao Chi2 p-value ¼
0.0004; Ban Na Di Chi2 p-value ¼ 0.0171; Vat Komnou Chi2 p-value ¼ 0.0437)
(Table 6). It is common worldwide for females to have higher caries rates than
males and it may indicate di¤erences in diet stemming from sexual divisions in
the tasks of food procurement (Larsen et al. 1991).
Periapical cavities were rarely seen in Phum Snay, as is the case in many of the
other comparative samples ranging from 1.7%–7.6% in males and 0%–5.8% in
females (Table 6). No cavities were observed in females from Phum Snay and
only 2.3 percent in males. The latter was statistically lower compared to Ban
Chiang males (7.6%, Chi2 p-value ¼ 0.0291).
Pathological AMTL was very low in Phum Snay males (0.7%) and females
(0.8%). This may be a reﬂection of the lack of older adults in this sample as this
is a strongly age-related dental problem. Comparative samples ranged from 1.4
Table 6. Phum Snay dental health comparison with Southeast Asian prehistoric
samples (%)
advanced attrition caries periapical cavities pathological amtl
Females
Phum Snay 2.5 10.8 0 0.8
Vat Komnou1 n.c.d. 5.3 0.9 1.4
Ban Lum Khao2 6.3 6.7 1 5.1
Noen U-Loke3 22.9 3.2 5.8 6.9
Ban Chiang4 9.3 5.9 4.9 6.2
Non Nok Tha5 4.6 3.1 1.2 5.5
Ban Na Di6 17.9 8.2 0.8 12.9
Males
Phum Snay 8.3 7.7 2.3 0.7
Vat Komnou1 n.c.d. 1.2 3.3 5.5
Ban Lum Khao2 18.8 1.8 1.7 5.3
Noen U-Loke3 10.4 4.2 6.1 2.4
Ban Chiang4 20.9 8.5 7.6 7.3
Non Nok Tha5 8.1 2.3 2.6 9.1
Ban Na Di6 9.7 3.3 2.8 1.5
1. Pietrusewsky et al. (2006); 2. Domett (2004) (note these values are slightly di¤erent than Domett
(2001) as a reassessment has been carried out since this publication); 3. Tayles et al. (2007); 4. Pie-
trusewsky and Douglas (2002a); 5. Douglas (2006); 6. Domett (2001).
n.c.d. ¼ no comparable data.
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percent in females from Vat Komnou up to 12.9 percent in Ban Na Di females
but most values were around the 5%–6% range (Table 6). Statistically, Phum
Snay male values were signiﬁcantly lower than all Northeastern Thai male sam-
ples (Ban Lum Khao Chi2 p-value ¼ 0.0349; Ban Na Di FET p-value ¼ 0.0001;
Ban Chiang Chi2 p-value ¼ 0.0157; Non Nok Tha Chi2 p-value ¼ 0.0250;
Noen U-Loke Chi2 p-value ¼ 0.0034). Phum Snay female values were statisti-
cally lower than all except Ban Na Di and Noen U-Loke (Ban Lum Khao Chi2
p-value ¼ 0.0158; Ban Chiang Chi2 p-value ¼ 0.0025; Non Nok Tha Chi2
p-value ¼ 0.0005; Vat Komnou FET p-value ¼ 0.0249).
Overall it is apparent that while caries and advanced wear were present at
Phum Snay, they had very little consequence in terms of continuing to periapical
infection and/or eventual tooth loss as these conditions normally do. This could
be a result of the sample not including any older adults as all these pathologies
take time to accumulate. Alternatively these people may have been relatively
healthy and able to ﬁght o¤ infection in the periapical bone (from caries or
advanced attrition) and thus did not lose as many teeth prematurely.
An interesting pattern of antemortem tooth loss unrelated to pathology was
observed in many individuals in Phum Snay (Fig. 5). Of nine individuals with a
complete anterior maxilla or mandible, eight (89%) had antemortem loss of some
anterior dentition, predominantly in the maxilla (Table 7). This loss was restricted
to the maxillary and mandibular canines and lateral incisors, and the mandibular
central incisors in various patterns. The loss presented in a symmetrical pattern in
the majority of individuals and adequate space remained for the missing teeth.
These factors tend to rule out congenital absence and support intentional abla-
tion. There appeared to be no association with either sex or age. The youngest
individual to have ablated teeth was a young adult male, approximately 18–22
years (Burial 6-’01). An assessment of ablation in the excavated remains has pre-
viously been presented (Domett and Tayles 2004) and will be augmented with
further substantial evidence for ablation in the large stratigraphically unprove-
nanced Phum Snay collection in a later report.
Evidence for ablation in Cambodia is not reported to be present at Vat Kom-
nou (Pietrusewsky et al. 2006) but has been observed in some dentition from Prei
Khmeng (Pottier pers. comm.), Krasang Thmey (Domett 2005), and stratigraphi-
cally unprovenanced material from Koh Krabas (Wallwork 2006). In the Iron Age
in northeastern Thailand the evidence is not as strong as in Cambodia. There
were a large proportion of missing anterior teeth in the Noen U-Loke material,
but most cases were more likely congenital absence rather than intentional abla-
tion because of the lack of symmetry and space (Nelsen et al. 2001). Expanding
out from northeast Thailand, ablation has been recorded in the Neolithic sample
of Khok Phanom Di (Tayles 1996) and there are some similarities in the patterns
of loss between Phum Snay and this sample, particularly in the frequent loss of
the maxillary lateral incisors. A further Neolithic Thai sample, this time from cen-
tral Thailand at Ban Kao, has also provided evidence of ritual anterior tooth loss
(Sangvichien et al. 1969).
Ablation appears to have a reasonably long history in Southeast Asia and
worldwide where it has been documented for a wide range of prehistoric and his-
toric populations including those of Asian and Paciﬁc groups such as China and
Japan (Han and Nakahashi 1996; Takenaka et al. 2001), Taiwan, Indonesia, and
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Fig. 5. Burial 6-’01 from Phum Snay, a young adult male (18–22 years old) with intentional abla-
tion of the maxillary lateral incisors (black arrows) and all four mandibular incisors (white arrows).
Table 7. Ablation in the anterior dentition at Phum Snay
male female total
a/n % a/n % a/n %
Maxilla 5/5 100 3/3 100 8/8 100
Mandible 3/4 75 1/3 33 4/7 57
Individual 5/5 100 3/4 75 8/9 89
A ¼ Individuals with one or more tooth ablated; N ¼ Number of observable anterior maxillae and/
or mandible.
Australia (cited in Tayles 1996), and Hawai‘i (Pietrusewsky and Douglas 1993).
There are many theories concerning the meaning of dental ablation including
coming-of-age, marriage, mourning, tribe or family association, ornamentation
and beautiﬁcation (Han and Nakahashi 1996; Tayles 1996). At present there is no
evidence to help pinpoint the intent behind the ablation at Phum Snay but a
forthcoming paper will investigate this more fully in this material and the strati-
graphically unprovenanced material from Phum Snay.
Skeletal Health
There was very little signiﬁcant pathology amongst the 21 individuals from Phum
Snay. Six individuals (three males and three females) had evidence of degenera-
tion of the spine either in the form of vertebral osteophytosis, osteoarthritis of
apophyseal facet joints or, in one case, Schmorl’s nodes. All three major regions
of the spine—cervical, thoracic, and lumbar—were a¤ected in these individuals,
but the majority were not particularly severe cases and were unlikely to have had
signiﬁcant e¤ects on their mobility, perhaps with the exception of the severe cer-
vical degeneration (C4, C7) in Burial 1-’01, a middle-aged male. Also of signiﬁ-
cance was the accelerated spinal degeneration, including Schmorl’s nodes, in
Burial 6-’01, a young man of only 18–22 years.
Three individuals (one male and two females) had evidence of osteoarthritis in
extraspinal joints, with no joints consistently a¤ected among the three individuals.
Amongst the three individuals all major joints—shoulder, elbow, hip, knee,
and ankle—were a¤ected with the exception of the wrist. Only one case, the
right foot of Burial 14-’03, an adult female, showed particularly severe signs of
degeneration.
Two individuals had evidence of healed fractures of the hand (both female) and
a further two individuals (one female and one male) had possible evidence of
healed fractures of their right clavicles. These fractures are all considered to be
quite minor, a¤ecting only the small diameter bones that would require less force
to break and little treatment to heal.
There was only one individual, Burial 8-’01, with any visible sign of infection.
This young adult female had an area of remodeled (healed) periostitis on the pos-
terior surface of the lower midshaft of the right tibia. This was most likely a loca-
lized area of infection beneath a wound although it is unusual to ﬁnd this type of
pathology on the posterior aspect of the tibia as it is more protected by overlying
muscle than the anterior surface of the bone.
It is not uncommon to ﬁnd any of these health issues in prehistoric skeletal
samples—certainly osteoarthritis is virtually ubiquitous in Southeast Asian prehis-
tory (Domett 2001), as are minor fractures (Domett and Tayles 2006b). The evi-
dence of injury in Phum Snay does not augment the theory that the Phum Snay
community was involved in violence (O’Reilly and Pheng 2001); however the
sample here is very small and observations are limited to injuries that are visible
in bone. The large collection of stratigraphically unprovenanced skeletal material
from Phum Snay tells a di¤erent story with a considerable amount of cranial trau-
ma observed, mostly in the form of depression fractures (Domett and Buckley
2006).
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conclusions
The pre-Angkorian period in northwest Cambodia was potentially a time of great
social change and it is interesting to see the e¤ects of cultural change on human
health. Unfortunately the small sample of Phum Snay can only provide a hint of
life during this time.
Demographically the sample is not representative of the living population as a
whole with very few infants and children and no older adults identiﬁed. In addi-
tion, females outnumber males 2 : 1. If this latter pattern was evident in a larger
sample it could be tempting to link this with the archaeological evidence for mili-
tarized society at Phum Snay (O’Reilly and Pheng 2001; O’Reilly et al. 2008).
Weaponry and potential military paraphernalia found in graves at Phum Snay in-
clude long iron swords (some up to 1 m) in three male burials, projectile points
(potentially for ﬁghting and/or hunting) in ﬁve burials (four male and one fe-
male), and ceramic ‘‘epaulettes,’’ one with a young male, PS 5-’03), and two
with a young woman, PS 13-’03, with iron bull horns. The bovine motif is con-
tinued among other artifacts with a bronze ﬁnger ring with bronze horns attached
found with Burial 7-’03, the tall middle-aged woman discussed above. Unprove-
nanced artifacts reported by villagers during their looting included more ceramic
epaulettes, iron swords and horned bronze ﬁnger rings as well ‘‘daggers’’ and
bronze helmets (O’Reilly et al. 2008).
The lack of males in the parts of the cemetery excavated could suggest that
these men were buried elsewhere, perhaps dying and being buried away from
home during warring and/or hunting trips. The lack of older individuals indicates
many did succumb to a premature death although the cause of death—disease,
accident, or violence—is unknown. Without a larger sample such conclusions are
somewhat premature. The amount of weaponry at Phum Snay is a point of di¤er-
ence in comparison with other Iron Age sites in Thailand (O’Reilly et al. 2006)
and, as mentioned above, cranial evidence from the stratigraphically unprove-
nanced skeletal material adjacent to the excavations, strongly suggests interper-
sonal violence on some level was part of Phum Snay life (Domett and Buckley
2006). This evidence will be detailed in an upcoming study in which over 20 per-
cent of adult crania (male and female) show healed or perimortem cranial injury.
Thus skeletal and archaeological evidence for warfare at Phum Snay is providing
evidence of an unsettled period that may have been one small part of the impetus
for the development of the state of Angkor.
While the lack of individuals in the older age range is not an indicator of good
health, other evidence indicates general health was adequate in the people of
Phum Snay. This could further support the idea that people were dying prema-
turely by accident or violence rather than through disease as there is very little
evidence of disease in the skeletal remains. Only a small amount of dental pro-
blems and a few cases of minor injury and joint degeneration were observed.
Growth disturbance and infectious disease were also minimal. This may be at least
partially attributable to the apparent adequate diet of the people of Phum Snay.
While much evidence of diet does not survive in the archaeological record, it is
assumed that rice agriculture was a way of life at Phum Snay based on the pres-
ence of rice sickles and rice in some grave ﬁlls. It is possible to conclude from
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animal bone studies that the diet of this community was quite good, at the very
least it was varied in terms of protein (O’Reilly et al. 2006). Burial and nonburial
animal bone include domestic species (many with butchering marks), such as
water bu¤alo, cattle, pig, dog, chicken, duck, and wild species such as deer,
serow, boar, binturong, leopard and jungle cats, tortoises and turtles, crocodile,
monitor lizard, as well as bird, ﬁsh, and shellﬁsh (O’Reilly et al. 2006).
The wild animal species also provide a potential indication of the surrounding
environment or which animals would have been hunted away from the com-
munity or obtained through trade. Given the wide variety of species present the
animal bones ‘‘reveal a broad-spectrum foraging economy that exploited a wide
range of ecosystems: forests, grass- and marshlands, rivers, inundated ﬁelds’’
(O’Reilly et al. 2006 : 209). Most of these environments are near to the site of
Phum Snay but at least one species, the serow, indicated that some hunting
occurred a long way from home or that this species was obtained through trade.
The favored environment of this animal, that of arid mountains with open forest,
is not in the near vicinity of Phum Snay (O’Reilly et al. 2006). The presence of
this exotic species may indicate that the prehistoric occupants of Phum Snay
were involved in an exchange network, a possibility supported by the presence of
ceramics similar to those found at contemporaneous sites in Northeast Thailand
(see below).
The wide range of stature estimates in the few individuals assessed may indicate
that access to these varied foodstu¤s was restricted in some members of the com-
munity. If grave goods are taken as an indicator of wealth in life (certainly a con-
testable theory) the stature evidence suggests a structured, hierarchical society as is
commonly found in Iron Age sites from nearby northeast Thailand (Higham
2002). However a wide range of statures within a group may also indicate that
the group was not genetically homogenous, with a mix of locals and immigrants
in the village.
There are a number of other explanations for the generally taller stature in pre-
Angkorian Cambodian women discussed above. It is possible that the regression
equations based on modern Thai and Chinese are not appropriate for this Cam-
bodian skeletal sample (however they are the most appropriate that are available
as discussed above). It is also quite likely that the small sample size is skewing the
average—it cannot be changed that Burial 7-’03 was a tall woman, but if the sam-
ple size had been larger the average may have been lower and more representa-
tive. The Phum Snay sample is from the latest cultural period of the comparative
sites and, with the caveat of a small sample size, their tall stature could be an indi-
cator of either (i) improved health and nutrition, (ii) a genetically heterogenous
sample, or (iii) a genetically higher potential for stature than other Southeast
Asian groups so far studied. Evidence to date would suggest that option (ii) is par-
ticularly relevant for Phum Snay females with the particularly tall woman, Burial
7-’03, likely to have been an immigrant to the community, perhaps entering for
marriage.
The evidence from the dentition also provides some glimpse into the dietary
habits of the people of Phum Snay and may provide some indication regarding
social structure. As mentioned above, male and female caries and advanced attri-
tion rates may be linked to a sexual division of labor. It has previously been
reported that in populations where men hunted they may have eaten more pro-
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tein and while women gathered food or tended crops they ate more plant mate-
rial (Larsen 1997), thus creating di¤erent dental pathology proﬁles in men and
women. These divisions of labor tasks would still have been evident in an agricul-
tural society like Phum Snay and are reﬂected in the dental health results. Females
were consuming foodstu¤s that contained a higher cariogenic component, such as
foods high in sugars and carbohydrates, although the latter are not all equally car-
iogenic. There is some evidence that rice is not a particularly highly cariogenic
food compared to other carbohydrates such as maize or wheat (Domett and
Tayles 2007; Sreebny 1983; Tayles et al. 2000). Other candidates for cariogenesis
might be taro, yams, bananas, or other fruits with a high sugar content.
The possibility that the people of Phum Snay were either traveling or trading is
supported by the presence of ceramics similar to Phimai black pottery and non-
local animal bones (O’Reilly et al. 2006) (Fig. 3). The particularly characteristic
Phimai black pottery has been found in many prehistoric sites in Thailand, partic-
ularly in the northeast and including at Noen U-Loke, a site occupied at a similar
time to Phum Snay. It is possible that the presence of this distinctive style indi-
cates that the extent of the trade network, whether direct or indirect, of the
people of Phum Snay reached over the Dangrek Mountains into what today is
Thailand (O’Reilly et al. 2008). While some Phimai black potsherds were found
in burial and nonburial contexts only one complete Phimai black bowl was found
in a grave and was with Burial 9-’03. This burial was also rich in carnelian beads
(over 30) and had the only complete bronze bowl excavated adjacent to her skull
(O’Reilly et al. 2004). It is unfortunate that the skeleton of this adult female was
so poorly preserved and little information of her health could be determined. The
contact with northeast Thailand and other parts of Southeast Asia also has impli-
cations for the migration of people and the exchange of infectious disease such as
leprosy and tuberculosis, which has recently been identiﬁed in a few individuals
from Noen U-Loke (Tayles and Buckley 2004) and tuberculosis at Non Nok
Tha (Douglas 1996). Analyses of other artifacts such as carnelian, agate, and glass
beads may provide further evidence of foreign inﬂuence at Phum Snay.
This study has detailed the human skeletal data collected during two excava-
tions at Phum Snay in Northwest Cambodia. As is evident throughout this report
it has not been possible to make many deﬁnitive conclusions as the sample size
was very small and the preservation and completeness of each burial was generally
poor and incomplete with less than half of the burials represented by a near com-
plete skeleton. Archaeological evidence from Phum Snay indicates that not only
is this site important for reconstructing Cambodian prehistory, it also has signi-
ﬁcance in regional terms (O’Reilly et al. 2004, 2006). The limited data that
could be gleaned from this skeletal sample is of considerable importance given
the scarcity of prehistoric human remains so far identiﬁed and studied from within
Cambodia.
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abstract
Excavations at a pre-Angkorian (c. 350 b.c.–a.d. 200) cemetery in the village of
Phum Snay, Northwest Cambodia, have revealed 23 inhumations. This small sam-
ple of skeletal remains varies in completeness from a scatter of bone to complete
articulated skeletons with an array of grave goods including bronze and iron arti-
facts. There is archaeological evidence for a possible militarized society, but the
overall health of this small cemetery population does not provide further conclusive
evidence. Demographically, the skeletal sample lacks many subadults and older
adults and is skewed 2 : 1 toward females, but this is probably a result of poor preser-
vation and sample size rather than any true bias in cemetery organization. Stature
in both males and females is wide ranging and may indicate a heterogeneous sample
either in terms of genetics or access to resources. Dental health shows evidence for
sexual di¤erentiation in diet, with females showing more caries and less advanced
attrition than males, perhaps reﬂecting a sexual division of labor. There is also a
very high proportion of adults, both male and female, with intentional ablation of
the anterior dentition, most commonly involving the upper lateral incisors and up-
per canines. Apart from some cases of moderate joint degeneration and minor frac-
ture (hand and clavicle), there is very little evidence for signiﬁcant disease or trauma.
Overall, evidence from this small sample is suggestive of a relatively healthy lifestyle
but with some indicators of a non-egalitarian social structure. Keywords: Cambo-
dia, prehistory, pre-Angkor, skeletal remains, health, dental health.
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